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Introduction {#sec005}
============

The recent Great Recession \[[@pone.0233734.ref001]\] was characterized by large increases in the unemployment rate and a slow recovery, as unemployment remained high into 2013 \[[@pone.0233734.ref002],[@pone.0233734.ref003]\]. This persistent unemployment has been shown to be associated with deleterious changes in diet and weight-related health. Unemployment during the recession was associated with lower consumption of fruits and vegetables \[[@pone.0233734.ref004],[@pone.0233734.ref005]\], higher consumption of energy-dense foods \[[@pone.0233734.ref006]\], increases in total calories purchased \[[@pone.0233734.ref007],[@pone.0233734.ref008]\], higher body mass index (BMI) \[[@pone.0233734.ref009]\] and higher risk of child overweight \[[@pone.0233734.ref010]\] and adult obesity \[[@pone.0233734.ref009]\]. Studies have yet to explore whether unemployment during the Great Recession was also associated with obesity-related health *in utero*.

A relatively small body of literature has previously examined the association between individual-and aggregate-level unemployment and birthweight-related outcomes \[[@pone.0233734.ref011]--[@pone.0233734.ref019]\]. For example, Catalano and Serxner investigated the effects of a threatened job loss for state government employees, due to proposal of Proposition 13 in Sacramento, California. Using Proposition 13 as a marker for employment insecurity, the authors compared low birthweight (LBW) prior to the law passing (June 1978-February 1979), to LBW after the law passed \[[@pone.0233734.ref018]\]. Employment insecurity was associated with a higher risk of LBW among males \[[@pone.0233734.ref018]\]. On the contrary, Dehejia and Lleras-Muney report that infants conceived during times of high national-level unemployment (1975--1999) had a lower prevalence of LBW \[[@pone.0233734.ref019]\]. More recently, Margerison-Zilko and colleagues investigated the association between state-level unemployment and preterm births (\<37 weeks) between 2007 and 2009 \[[@pone.0233734.ref014]\]. The authors found that higher state-level unemployment, during the first trimester, was associated with 16% higher odds of preterm birth, whereas state-level unemployment during the second trimester was associated with 6% lower odds of preterm birth \[[@pone.0233734.ref014]\]. Although this small body of literature mostly suggests that aggregate-level unemployment is associated with adverse birth outcomes, some of these studies pre-dated the large increases in obesity prevalence \[[@pone.0233734.ref020]\] and changes in the food environment that occurred in the U.S. during the 1990s \[[@pone.0233734.ref021]\], and all focused on undernutrition-related birth outcomes. We build upon this literature, and that which has explored diet and weight-related health during the Great Recession, by investigating obesity-related health *in utero*, as indicated by large-for-gestational-age (LGA) births.

There are multiple pathways through which recessions may affect birth outcomes \[[@pone.0233734.ref017]\]. The Great Recession led directly to individual job loss and decreased individual-level income between 2009 and 2011 \[[@pone.0233734.ref022]\]. Recessions can induce "effect budgeting", which forces one to invest time into managing the sequelae of job and income loss, and subsequently, one stops investing in their well-being \[[@pone.0233734.ref023]\]. Work-related physical activity also declined during the Great Recession \[[@pone.0233734.ref024]\]. But recessions also impact people who do not actually lose their jobs, due to changes in social norms and a 'recession mentality' that occurs due to economic uncertainty. In addition, those who remain employed may have faced reduced hours or pay and/or experience stress due to fear of job loss \[[@pone.0233734.ref023],[@pone.0233734.ref025]\]. High unemployment can also negatively impact communities and access to social services. Evidence links these intermediary factors to physiological changes in pregnant women that may affect gestation and subsequent birth outcomes. Primarily, high unemployment may increase the barriers around healthful eating and may result in decreased access to prenatal care and monitoring of gestational weight gain (GWG). Both pre-pregnancy BMI and GWG are associated with birthweight and length of gestation \[[@pone.0233734.ref026],[@pone.0233734.ref027]\]. Relatedly, a recent systematic review reports associations between unhealthful dietary patterns and adverse birth outcomes (e.g. preterm births, LBW), although the authors did not find any studies that investigated unhealthy diets in relation to LGA \[[@pone.0233734.ref028]\]. In addition, recessions potentially change the population of women having babies; for example, if fewer lower-income women have children during economic downturns, due to additional economic constraints, this would change the demographic distribution of infants \[[@pone.0233734.ref029]\]. Dehejia and Lleras-Muney show such selection during prior economic downturns in the U.S. \[[@pone.0233734.ref029]\], and the U.S. birth rate did decline between 2007 and 2014 \[[@pone.0233734.ref030],[@pone.0233734.ref031]\]. Unplanned pregnancies may also be related both to recessions and heterogeneously distributed among the population studied \[[@pone.0233734.ref032],[@pone.0233734.ref033]\].

A better understanding of the systemic risk factors for obesity-related health *in utero* are critical given the long-term implications of LGA on child obesity \[[@pone.0233734.ref034],[@pone.0233734.ref035]\] and the unrelenting increases in obesity prevalence in the U.S. The primary aim of this paper was to investigate whether increasing unemployment during the Great Recession was associated with the likelihood of being born LGA. Our secondary aim was to test heterogeneity in the unemployment-LGA association by race/ethnicity and explore related outcomes: very-LGA, high birthweight, pre-pregnancy BMI, and excessive GWG.

Methods {#sec006}
=======

Data sources {#sec007}
------------

Maternal demographic and health characteristics, child sex, birthweight, and gestational age were obtained from the California birth records between 2008 and 2011. County-level annual unemployment estimates (2007--2010) were obtained from the Bureau of Labor Statistics. County-level annual foreclosure rates (2008--2011) were obtained from RealtyTrac LLC.

Dependent variables {#sec008}
-------------------

The primary dependent variable was LGA births, defined as weight-for-gestational-age \>90^th^ percentile compared with the 2000 U.S. birthweight reference \[[@pone.0233734.ref036]\]. Oken and colleagues provide the most recently published sex-and-gestational-age-specific birthweight reference for birthweight at 22 through 44 completed weeks \[[@pone.0233734.ref036]\]. We limited our primary analyses to singleton, term births, since reference charts may provide biased estimates of size among preterm births.

To address the secondary aims of this manuscript, we examined five other related dependent variables: LGA \>97^th^ percentile (termed "very-LGA"), high birthweight (\> 4000 grams) and preterm births (gestational age \< 37 weeks). We also investigated whether county-level unemployment was associated with maternal pre-pregnancy BMI (kg/m^2^) and the probability of excessive GWG. We calculated pre-pregnancy BMI and GWG using self-reported maternal pre-pregnancy height and weight and measured delivery weight from the birth certificate. To calculate excessive GWG, we first subtracted maternal pre-pregnancy weight from maternal delivery weight. We then classified weight gain based on the Institute of Medicine guidelines for weight gain during pregnancy (underweight pre-pregnancy and gained \> 18 kg; normal weight and gained \>15.9 kg; overweight and gained \> 11.4 kg; or, obese and gained more than 9 kg) \[[@pone.0233734.ref027]\].

Independent variables {#sec009}
---------------------

Our main independent variable was one-year-lagged values of annual county-level unemployment (2007--2010). We used the value of county-level unemployment from the year preceding each newborn's birth (i.e. the one-year lagged value), since we would expect any impact from unemployment on birthweight to occur during or before pregnancy.

We explored the association between county-level unemployment (2007--2010) and LGA births (2008--2011) over a four-year period that overlaps with the Great Recession because the recession had longer-term economic impacts beyond its official end date in 2009 \[[@pone.0233734.ref022]\]. We examined aggregate, county-level unemployment (versus individual-level), because county-level unemployment better captures changes in the macroeconomy and the "recession mentality", and becoming unemployed is likely confounded with individual-level characteristics (e.g. work performance), that may also affect health \[[@pone.0233734.ref037]\]. Unemployment is also the most widely used indicator of recessions. Annual county-level unemployment rate (a percent) was defined as the number of persons unemployed divided by the civilian labor force, multiplied by 100.

Confounding factors, effect measure modifiers, and mediators {#sec010}
------------------------------------------------------------

Time-invariant confounders (e.g. "baseline" county urbanization) were controlled for by using county fixed-effects in the regression models, which are explained below. We also included a year fixed-effect to control for secular decreases in LGA births in California over time.

Prior studies suggest that the composition of women having children changes during a recession \[[@pone.0233734.ref019]\]. Therefore, we controlled for maternal and child demographic and health characteristics. We also controlled for county-level foreclosure rates, which pre-dated the rise in unemployment rates and thus, is a plausible confounder of the unemployment-LGA association. Annual county-level foreclosure rate (2008--2011) was defined as total foreclosures, divided by the total number of mortgages in the year of birth, multiplied by 100. Maternal and child characteristics included: maternal age (10--19, 20--29, 30--39, ≥ 40), parity (1, 2--5, 5--10, \>10), maternal education (≤ high school degree, ≥ some college, college graduate and above), maternal race/ethnicity and child gender. The California birth certificate included 21 race categories. Women self-reported up to three races, plus indicated if their ethnicity was Hispanic or Latino. In these analyses, race/ethnicity was aggregated as follows: Hispanic or Latino, White, African American or Black, Asian, American Indian/Alaska Native, Pacific Islander or Native Hawaiian, Filipino, Other, or Two or More races.

We hypothesized that the association between increasing unemployment and LGA births might be heterogenous by race/ethnicity \[[@pone.0233734.ref038]\]. Therefore, we tested whether race/ethnicity modified any association between unemployment and LGA births by including an interaction between race/ethnicity and unemployment. Smoking during pregnancy was hypothesized to be mediator of the association, so not controlled for in these analyses.

Statistical analysis {#sec011}
--------------------

In our primary specification, we used linear probability models, with county and year fixed-effects, to test the association between changes in unemployment rates (2007--2010) and the probability of LGA births (2008--2011) in California. Standard errors were clustered at the county-level. By using county fixed-effects, we are able to compare each county to itself over time, and control for all baseline time-invariant measured and unmeasured confounding factors. Coefficients were multiplied by 100 so that they can be interpreted as the percentage point (PP) change in relation to a 1-pp increase in unemployment.

To address the secondary aims of this paper, we tested heterogeneity in the unemployment-LGA association by race/ethnicity with the inclusion of an interaction term (unemployment X race/ethnicity) and assessed statistical significance with a post-hoc Wald test of the interaction terms. The test of the interaction suggested that there was heterogeneity in the association by race/ethnicity (post-hoc Wald test p \< 0.01); therefore, we also presented race/ethnicity-stratified results.

Similar to our primary analyses, we used linear probability models, with county and year fixed-effects, to assess the relationship between unemployment and secondary outcomes: very-LGA, high birthweight, excessive GWG, and preterm births. Linear regression models, with county and year fixed-effects, were employed to assess the relationship between unemployment and pre-pregnancy BMI.

Sensitivity analyses {#sec012}
--------------------

We assessed whether our primary results would have changed given the following alternative specifications: 1) when including preterm births; 2) when only including mothers that did not smoke during pregnancy; 3) excluding Los Angeles (LA) county, since 25% of Californians reside in LA; and 4) when excluding foreclosure rates as a covariate. We also assessed our primary results when excluding Pacific Islanders and people of an "Other" race, because post-hoc race/ethnicity-stratified results suggested that the magnitude of effect for these races were 30 times higher than the effect for people of other race/ethnicities. For comparison, we modeled the association between unemployment and LGA births during the years prior to the Great Recession (2003--2007). Finally, we employed logit regression models, and estimate average marginal effects, to test the association between unemployment and our primary and secondary outcomes, given that several outcomes (e.g. very LGA births) were rare.

Alpha was set to 0.05 and analyses were performed using Stata 15.1 (StataCorp LP, College Station, TX). The University of Washington School of Public Health deemed that this analysis of de-identified secondary data was not human subjects research. The California Health and Human Services Agency Committee for the Protection of Human Subjects approved the use of California birth records for these analyses.

Results {#sec013}
=======

Over the observation period there were 138,970 LGA births in California (8.1% of all births) ([Table 1](#pone.0233734.t001){ref-type="table"}). Statewide, unemployment was 9.2% between 2007 and 2010 (2007: 5.6 (standard deviation \[SD\] = 1.7); 2008: 7.5 (SD = 2.0); 2009: 11.5 (SD = 2.3); 2010: 12.5 (SD = 2.5). Based on 5-year estimates from the American Community Survey, the average county-level median household income in California was approximately \$62,000 (SD = 12,137). The mean foreclosure rate was 7.3 (SD = 3.1). The mean age of mothers was 28.2 (SD = 6.2) and a majority (75.8%) had at least some college education. More than half of the sample identified as Hispanic or Latino (51.8%) and one-quarter (26.8%) identified as White. Mean maternal pre-pregnancy BMI was 25.8 (SD = 5.9) and the prevalence of excessive GWG was approximately 47%.

10.1371/journal.pone.0233734.t001

###### Key sample characteristics [^a^](#t001fn002){ref-type="table-fn"}.

![](pone.0233734.t001){#pone.0233734.t001g}

  ---------------------------------------------------------------------------------- -------------------
  Newborns, n                                                                        1,715,052
  Economic Conditions                                                                
   County-Level Unemployment Rate, mean (sd)                                         9.2 (3.6)
    2007                                                                             5.6 (1.7)
    2008                                                                             7.5 (2.0)
    2009                                                                             11.5 (2.3)
    2010                                                                             12.5 (2.5)
  County-Level Median Household Income, mean (sd)                                    61,728 (12,137)
  County-Level Foreclosure Rate, mean (sd)                                           7.3 (3.1)
  Child Characteristics and Health                                                   
   LGA Births, n (%)[^b^](#t001fn003){ref-type="table-fn"}                           138,970 (8.1%)
   Very LGA Births, n (%)[^c^](#t001fn004){ref-type="table-fn"}                      39,230 (2.3%)
   Preterm Births, n (%)[^d^](#t001fn005){ref-type="table-fn"}                       163,116 (8.7%)
   High Birthweight, n (%)[^e^](#t001fn006){ref-type="table-fn"}                     153,874 (9.0%)
   Child Gender (Males), n (%)                                                       873,268 (50.9%)
  Maternal Characteristics and Health                                                
   Maternal Age (years), mean (sd)                                                   28.2 (6.2)
   Maternal Education (≥ Some College), n (%)                                        1,299,328 (75.8%)
   Maternal Race/Ethnicity[^f^](#t001fn007){ref-type="table-fn"}                     
    Hispanic or Latino, n (%)                                                        889,254 (51.8%)
    White, n (%)                                                                     458,952 (26.8%)
    African American or Black, n (%)                                                 85,917 (5.0%)
    Asian, n (%)                                                                     155,650 (9.1%)
    American Indian/Alaska Native, n (%)                                             5,109 (0.3%)
    Filipino, n (%)                                                                  44,680 (2.6%)
    Pacific Islander, n (%)                                                          7,017 (0.4%)
    Other, n (%)                                                                     977 (0.1%)
    Two or More, n (%)                                                               67,496 (3.9%)
   Pre-pregnancy Body Mass Index, mean (sd) [^g^](#t001fn008){ref-type="table-fn"}   25.8 (5.9)
   Excessive gestational weight gain, n (%)[^h^](#t001fn009){ref-type="table-fn"}    743,777 (46.9%)
   Smoking during pregnancy, n (%)                                                   37,879 (2.2%)
   Parity, mean (sd)                                                                 2.1 (1.2)
  ---------------------------------------------------------------------------------- -------------------

LGA = large-for-gestational-age; sd = standard deviation

^a^ Descriptive statistics reflect the total observations over the time period (2008--2011) for individuals included in our main model specification, unless otherwise specified.

^b^ LGA births are defined as \> 90th percentile compared with the Oken sex-and-gestational-age-specific reference population values.

^c^ Very LGA births are defined as \> 97th percentile compared with the Oken sex-and-gestational-age-specific reference population values.

^d^ Preterm is defined as \< 37 weeks gestation. Estimated among individuals included in our pre-term model specification (n = 1,878,201).

^e^ High birthweight is defined as birthweight \> 4000 grams

^f^ Race/ethnicity was self-reported on the birth certificate.

^g^ Maternal pre-pregnancy BMI was based on self-reported pre-pregnancy weight and height and calculated as weight (kg)/height^2^ (m). Estimated among individuals included in our pre-pregnancy BMI model specification (n = 1,601,815).

^h^ Excessive weight gain was defined based on the Institute of Medicine guidelines: underweight (BMI \< 18.5 kg/m^2^) and gained more than 18 kg; normal weight (≥ BMI 18.5 and \< 25 kg/m^2^) and gained more than 15.9 kg; overweight (BMI ≥ 25 and \< 30 kg/m^2^) and gained more than 11.4 kg; or obese (BMI ≥ 30 kg/m^2^) and gained more than 9 kg. Estimated among individuals included in our GWG model specification (n = 1,587,721).

Increasing county-level unemployment was not statistically significantly associated with prevalence of LGA, but the direction of the effect was positive and p = 0.08 (percentage point \[PP\]: 0.12; 95% Confidence Interval \[CI\]: -0.02, 0.25) ([Table 2](#pone.0233734.t002){ref-type="table"}). Results were similar when employing logit models (PP = 0.11; 95% CI: -0.019, 0.23; p = 0.09) ([S1 Table](#pone.0233734.s001){ref-type="supplementary-material"}). Prior to the Great Recession (2003--2007) unemployment was not associated with LGA, but the direction of the association was negative, unlike our recession year results, and smaller in magnitude (PP = -0.05; 95% CI: -0.16, 0.07).

10.1371/journal.pone.0233734.t002

###### County fixed-effects regression estimates for the relationship between unemployment rate and LGA births in California, 2008--2011.

![](pone.0233734.t002){#pone.0233734.t002g}

                                                                                                                                                                    n           Percentage Point (95% CI)[^a^](#t002fn002){ref-type="table-fn"}   p value[^b^](#t002fn003){ref-type="table-fn"}
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------- ----------------------------------------------------------------- -----------------------------------------------
  Main Model                                                                                                                                                                                                                                      
   Unemployment Rate[^c^](#t002fn004){ref-type="table-fn"}^,^[^d^](#t002fn005){ref-type="table-fn"}                                                                 1,715,052   0.12 (-0.02, 0.25)                                                0.08
  Sensitivity Analyses                                                                                                                                                                                                                            
   Unemployment Rate, Including Preterm Births[^c^](#t002fn004){ref-type="table-fn"}^,^[^d^](#t002fn005){ref-type="table-fn"}                                       1,877,359   0.07 (-0.07, 0.20)                                                0.35
   Unemployment Rate, Among Non-Smokers[^c^](#t002fn004){ref-type="table-fn"}^,^[^d^](#t002fn005){ref-type="table-fn"}                                              1,656,120   0.12 (-0.01, 0.25)                                                0.08
   Unemployment Rate, Excluding LA County[^c^](#t002fn004){ref-type="table-fn"}^,^[^d^](#t002fn005){ref-type="table-fn"}                                            1,570,751   0.12 (-0.02, 0.26)                                                0.09
   Unemployment Rate, Excluding Pacific Islanders and People of Other Races[^c^](#t002fn004){ref-type="table-fn"}^,^[^e^](#t002fn006){ref-type="table-fn"}          1,707,058   0.12 (-0.01, 0.25)                                                0.07
   Unemployment Rate, Excluding Foreclosure[^c^](#t002fn004){ref-type="table-fn"}^,^[^f^](#t002fn007){ref-type="table-fn"}                                          1,715,052   0.10 (-0.03, 0.23)                                                0.14
   Unemployment Rate, Pre-Recession Years[^c^](#t002fn004){ref-type="table-fn"}^,^[^d^](#t002fn005){ref-type="table-fn"}^,^[^g^](#t002fn008){ref-type="table-fn"}   2,145,755   -0.05 (-0.16, 0.07)                                               0.42

CI = confidence interval, LA = Los Angeles, LGA = large-for-gestational-age

^a^ Beta coefficients were multiplied by 100 and can be interpreted as a percentage point change. LGA is defined as \>90^th^ percentile compared to the Oken birthweight reference.

^b^ The *nonest* option is used to allow for non-nested county-level clustered standard errors.

^c^ Coefficients are estimated for singleton, term births between 2008--2011 using linear probability models, with county fixed-effects, to test the relationship between county-level unemployment and LGA births. County-level unemployment is lagged and reflects the unemployment rate in the year prior to birth.

^d^ Models include an indicator variable for year and control for county-level foreclosure rates, maternal age, parity, race/ethnicity, education, and child gender.

^e^ Model includes an indicator variable for year and controls for county-level foreclosure rates, maternal age, parity, education, and child gender.

^f^ Model includes an indicator variable for year and controls for maternal age, parity, race/ethnicity, education, and child gender.

^g^ Model includes birth records from 2003--2007.

In race/ethnicity-stratified results, increasing unemployment was not associated with the prevalence of LGA for most race/ethnicities; however, among Filipinos, increasing county-level unemployment was associated with a significantly higher prevalence of LGA births (PP = 0.60; 95% CI: 0.22, 0.97) ([Table 3](#pone.0233734.t003){ref-type="table"}). Although not statistically significant, the largest magnitude effects were observed among Pacific Islanders (PP = -1.74; 95% CI: -3.83, 0.35) and people of "Other" races (PP = 1.92; 95% CI: -2.82, 6.66).

10.1371/journal.pone.0233734.t003

###### County fixed-effects regression estimates for the relationship between unemployment rate and LGA births, 2008--2011, stratified by race/ethnicity.

![](pone.0233734.t003){#pone.0233734.t003g}

                                  N         Percentage Point (95% CI)[^a^](#t003fn002){ref-type="table-fn"}^,^[^b^](#t003fn003){ref-type="table-fn"}   p value[^c^](#t003fn004){ref-type="table-fn"}
  ------------------------------- --------- ---------------------------------------------------------------------------------------------------------- -----------------------------------------------
  Hispanic or Latino              889,254   0.10 (-0.07, 0.27)                                                                                         0.24
  White                           458,952   0.06 (-0.16, 0.27)                                                                                         0.60
  African American or Black       85,917    0.24 (-0.20, 0.67)                                                                                         0.29
  Asian                           155,650   0.22 (-0.12, 0.56)                                                                                         0.19
  American Indian/Alaska Native   5,109     0.66 (-1.03, 2.35)                                                                                         0.41
  Pacific Islander                7,017     -1.74 (-3.83, 0.35)                                                                                        0.10
  Filipino                        44,680    0.60 (0.22, 0.97)                                                                                          0.01
  Other                           977       1.92 (-2.82, 6.66)                                                                                         0.43
  Two or More Races               67,496    0.20 (-0.33, 0.74)                                                                                         0.45

CI = confidence interval, LGA = large-for-gestational-age

^a^ Coefficients are estimated for singleton, term births between 2008--2011 using linear probability models, with county fixed-effects, to test the relationship between lagged county-level unemployment to and LGA births. All models include an indicator variable for year and control for county-level foreclosure rates, maternal age, parity, education, and child gender.

^b^ Beta coefficients are multiplied by 100 and can be interpreted as a percentage point change.

^c^ The *nonest* option is used to allow for non-nested county-level clustered standard errors.

Every 1-pp increase in unemployment was associated with a statistically significantly higher prevalence of very-LGA births (PP = 0.09; 95% CI: 0.03, 0.15) ([Table 4](#pone.0233734.t004){ref-type="table"}). But, increasing unemployment was not associated with excess GWG (PP = 0.16; 95% CI: -0.35, 0.67), high birthweight (PP = 0.05; 95% CI: -0.09, 0.18), or pre-pregnancy BMI (PP = 0.03; 95% CI: -0.02, 0.08), although the direction of these effects was positive. On the contrary, unemployment during the recession was associated with a lower prevalence of preterm births (PP = -0.18; 95% CI: -0.31, -0.06).

10.1371/journal.pone.0233734.t004

###### County fixed-effects regression estimates for the relationship between unemployment rate and secondary outcomes, 2008--2011.

![](pone.0233734.t004){#pone.0233734.t004g}

                                                            n           Percentage Point or β (95% CI)[^a^](#t004fn002){ref-type="table-fn"}   p value[^b^](#t004fn003){ref-type="table-fn"}
  --------------------------------------------------------- ----------- ---------------------------------------------------------------------- -----------------------------------------------
  Very LGA[^c^](#t004fn004){ref-type="table-fn"}            1,715,052   0.09 (0.03, 0.15)                                                      0.01
  Excess GWG[^c^](#t004fn004){ref-type="table-fn"}          1,587,721   0.16 (-0.35, 0.67)                                                     0.53
  High Birthweight[^c^](#t004fn004){ref-type="table-fn"}    1,715,052   0.05 (-0.09, 0.18)                                                     0.50
  Pre-Pregnancy BMI[^d^](#t004fn005){ref-type="table-fn"}   1,601,815   0.03 (-0.02, 0.08)                                                     0.26
  Preterm[^e^](#t004fn006){ref-type="table-fn"}             1,878,201   -0.18 (-0.31, -0.06)                                                   0.01

BMI = body mass index; CI = confidence interval; GWG = gestational weight gain; LGA = large-for-gestational-age

^a^ All models include an indicator variable for year and control for county-level foreclosure rates, maternal age, race/ethnicity, parity, education, and child gender.

^b^ The *nonest* option is used to allow for non-nested county-level clustered standard errors.

^c^ Very LGA is defined as \>97^th^ percentile compared with the Oken birthweight reference. Excess GWG is defined by the Institute of Medicine. High birthweight is defined as birthweight \> 4000 grams. Coefficients are estimated for women who had singleton, term births between 2008-2011 using linear probability models, with county fixed-effects. Beta coefficients are multiplied by 100 and can be interpreted as a percentage point change.

^d^ The coefficient is estimated for women who had singleton, term births between 2008--2011 using linear regression models, with county fixed-effects.

^e^ Preterm birth is defined as gestational age \< 37 weeks. The coefficient is estimated for women who had singleton births between 2008-2011 using linear probability models, with county fixed-effects. Beta coefficients are multiplied by 100 and can be interpreted as a percentage point change.

Discussion {#sec014}
==========

This study leveraged repeat cross-sectional data from birth certificates in California to identify whether increasing county-level unemployment, during the Great Recession, was associated with LGA births. Country-level unemployment was not statistically significantly associated with LGA births, although the direction of the association was positive (0.12-pp) and the p-value was \< 0.10. Moreover, over the period of observation, for every one standard deviation increase in unemployment, LGA prevalence increased by 0.43-pp or 5%. Although the estimate is not statistically significant at the 0.05 level, this is a meaningful effect. In addition, an increase in county-level unemployment was associated with a statistically significantly higher prevalence of very-LGA births. Our analysis of subgroups revealed some differences in the statistical significance and magnitude of effect for the unemployment-LGA association by race/ethnicity. Increasing county-level unemployment was associated with a higher prevalence of LGA births among Filipinos. An increase in county-level unemployment was also significantly associated with a lower prevalence of preterm births during the recession.

The direction of the unemployment-LGA association, and the fact that an increase in county-level unemployment was associated with a higher risk of very-LGA births is generally consistent with prior literature, which suggests adverse effects of the Great Recession on diet \[[@pone.0233734.ref004]--[@pone.0233734.ref008]\] and weight-related health \[[@pone.0233734.ref009],[@pone.0233734.ref010]\]. The Great Recession has been shown to be associated with small increases in total calories purchases (1.6--4.1 kcal/capita/day) \[[@pone.0233734.ref007]\] and in the short-term, was associated with substitution in favor of discount stores and increases in consumption of fat \[[@pone.0233734.ref006]\]. During the recession, consumption of away from home foods continued \[[@pone.0233734.ref039]\] and there was a shift in spending away from higher-end, sit-down restaurants to cheaper options, like fast food \[[@pone.0233734.ref040]\]. Relatedly, we have previously shown that during the Great Recession, county-level unemployment was associated with higher overweight/obesity risk among school-age children in California \[[@pone.0233734.ref010]\] and Zhang and colleagues found that county-level unemployment rates were significantly associated with a higher BMI among adults in the U.S. \[[@pone.0233734.ref009]\]. This prior literature on the Great Recession does generally support our finding that the direction of the association between increasing county-level unemployment and LGA was positive, and positive and statistically significant for increasing unemployment and very-LGA births. At the same time, effects of recessions on health are notably heterogenous. For example, despite several early studies (1970--1990) reporting that high or unexpected unemployment during recessions had adverse effects on birth outcomes, two additional studies report null associations for the relationship between aggregate unemployment and LBW in New York City \[[@pone.0233734.ref041]\] and in Tennessee \[[@pone.0233734.ref042]\] and other economic downturns have been associated with *decreased* overweight among adults \[[@pone.0233734.ref037],[@pone.0233734.ref043]\].

Relatedly, our findings suggest the unemployment-LGA association is heterogenous by race/ethnicity, which is generally consistent with prior studies \[[@pone.0233734.ref038]\]. But, the fact that the race/ethnicity stratified association between county-level unemployment and LGA births was only statistically significant among Filipinos was unexpected. Notably, many Filipinos resided in in LA county, which had higher than average unemployment (10.9% versus 9.2% overall) and county-level unemployment was associated with a significantly higher probability of excessive GWG among Filipinos ([S2 Table](#pone.0233734.s002){ref-type="supplementary-material"}). We speculate that larger excess GWG during pregnancy among Filipinos is driving the observed association in this population. We also observed large, although non-significant, changes in excessive GWG in relation to county-level unemployment for both Pacific Islanders (-1.4-pp) and people of an "Other" race (1.9-pp) that corresponded to the direction and magnitude of the association between unemployment and LGA. However, we are unsure of why the recession might disproportionally affect these populations.

Unexpectedly, increasing annual county-level unemployment was associated with a significantly lower prevalence of preterm births. Although these results were contrary to our hypothesis, Margerison-Zilko and Luo also report unexpected results. These authors find that during the recession (2007--2008), state-level unemployment in the first trimester of pregnancy was associated with higher odds of preterm births, whereas state-level unemployment during the second trimester of pregnancy was associated with lower odds of preterm birth \[[@pone.0233734.ref014]\]. Thus, the authors' findings are specific to the trimester of exposure and perhaps the defined recession period, as they define the recession as 2007--2009, when unemployment rates were still only modestly high in many states. They also use monthly state-level (versus annual county-level) unemployment and one prior study in the U.S. does find contradictory results, within the same dataset, when using state- versus county-level unemployment as the exposure variable \[[@pone.0233734.ref009]\]. Notably, from 2008 to 2009, birth rates decreased by 5.9% among Hispanic women and 2.4% among Black women, compared to only 1.6% among White women \[[@pone.0233734.ref030]\], and Hispanic and Black women tend to have higher rates of preterm births \[[@pone.0233734.ref044]\]. Also, from 2007 to 2014, preterm birth rate decreased from 10.4% to 9.5% nationally, which is attributed to a decline in teen pregnancy and shift in the age distribution of women giving birth \[[@pone.0233734.ref031]\]. Similarly, preterm births decreased from 10.6% to 9.8% between 2008 and 2011 in this sample. We do include a year fixed-effect to control for secular trends and control for demographic characteristics, including race/ethnicity and age, but it is also possible that there is some residual confounding of the changes in the demographic of women having babies during the recession. It is also possible that these unexpected results are due to statistical chance.

Our data analysis and approach have several strengths including using a large sample of births and using county fixed-effects, which controls for time-fixed county-level unobservable factors. However, limitations should be noted. We are not able to control for potential unmeasured time-varying confounding; but biased coefficients would only result if a factor covaried with county-level unemployment and affected LGA. Relatedly, we do not have repeated birth records from the same women, which could allow us to better estimate causal effects and control for individual-level time-fixed unobservables (e.g. genetics). Gestational age is reliant on women's self-report of last menstrual period (LMP); although LMP is very commonly used in research to calculate gestational age, some studies suggest that up to 20% of women underreport the length of time since their LMP \[[@pone.0233734.ref045]\]. Findings may be less generalizable to states that experienced a less severe recession.

Conclusions {#sec015}
===========

A better understanding of the systemic risk factors for LGA are critical given the long-term implications for health \[[@pone.0233734.ref034],[@pone.0233734.ref035]\]. Increasing levels of unemployment was not significantly associated with LGA births, but the direction of the association was positive and increasing county-level unemployment was significantly associated with a higher prevalence of very-LGA births. This cautiously suggests some deleterious effects of the Great Recession on obesity-related health *in utero*. Future studies could consider investigating the effects of the Great Recession on birth outcomes using longitudinal data, with repeated birth records.
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